PLHAL, R. KAMLER, J.: Analysis of accuracy of hunting plan in the Czech Republic. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 3, pp. 165-172 This article analyses data on the reported and captured populations of red deer (Cervus elaphus), roe deer (Capreolus capreolus), fallow deer (Dama dama) and moufl on (Ovis musimon) in the Czech Republic during the years 2002-2006. Breeding and hunting plans collected by the State Hunting Authority have been summarized. The analyzed game population size (APS) for each individual territory, using the reverse calculation method, was compared to the counted population size (CPS) of each species. Next, the ratios between the specifi ed population size (SPS) and the CPS were compared; and also the ratios of CPS and actual hunting bag were compared for individual years in the specifi ed periods. Many errors in hunting management policy were found in all analyses regarding red deer. In many cases the APS, using the reverse calculation method, was several-times higher than the CPS. Also a large diff erence between SPS and CPS was very common. Similar results were also found in the analyses of fallow deer and moufl on populations, where the management policy was very similar to that of red deer. Evaluation of the roe deer management policy showed better results. Despite the fact that the APS was higher than the CPS, it was never several-times higher. Even in SPS and CPS ratios no extreme outcomes were found. From the offi cial processed data it is evident that hunting association plans for game breeding and hunting indicate many signifi cant problems, where the smallest problem is with roe deer and the biggest problem is with red deer. game keeping, game management, deer, hunting bag Game in the Czech Republic is according to Hunting Regulations defi ned as a renewable natural resources presented by populations of wildlife species. Management of these species is restricted by many conditions. For the most signifi cant species of herbivorous game, the highest population of individuals is stated for 1000 ha area, depending on the capacity of the environment. For all hunting ground users it is obligatory to keep the number of game under this maximum level. Annual hunting plans are based on both the number of game caught in a spring counting (CPS) and on an estimate of population increase, so that a standard state of game population is reached by the end of a hunting season. This game management system can, in ideal conditions, ensure a stable game population. However, in reality, it o en fails due to many inaccuracies in game population, as it is very diffi cult to estimate game population size by using only basic methods. Moreover, the game population can also change immensely during the course of a year. From a short-term point of view, the most important factors aff ecting game population size are accessibility and quality of food resources, shelter availability and disturbing eff ects. From a long-term point of view, the infl uence factors are birth season climate, adequate food resources throughout the year, other species competitiveness, living area size, etc. Therefore, the game population data is regarded as the weakest link within the whole planning system (Zatloukal, 1995) , and the current Czech hunting plan results have been under intensive scrutiny during previous years. It is necessary to either carry out game abundance estimates as accurately as possible, or to change the whole hunting plan system, so that the optimal game population is reached. The hunting plan should take into consideration breeding and biological
game keeping, game management, deer, hunting bag Game in the Czech Republic is according to Hunting Regulations defi ned as a renewable natural resources presented by populations of wildlife species. Management of these species is restricted by many conditions. For the most signifi cant species of herbivorous game, the highest population of individuals is stated for 1000 ha area, depending on the capacity of the environment. For all hunting ground users it is obligatory to keep the number of game under this maximum level. Annual hunting plans are based on both the number of game caught in a spring counting (CPS) and on an estimate of population increase, so that a standard state of game population is reached by the end of a hunting season. This game management system can, in ideal conditions, ensure a stable game population. However, in reality, it o en fails due to many inaccuracies in game population, as it is very diffi cult to estimate game population size by using only basic methods. Moreover, the game population can also change immensely during the course of a year. From a short-term point of view, the most important factors aff ecting game population size are accessibility and quality of food resources, shelter availability and disturbing eff ects. From a long-term point of view, the infl uence factors are birth season climate, adequate food resources throughout the year, other species competitiveness, living area size, etc. Therefore, the game population data is regarded as the weakest link within the whole planning system (Zatloukal, 1995) , and the current Czech hunting plan results have been under intensive scrutiny during previous years. It is necessary to either carry out game abundance estimates as accurately as possible, or to change the whole hunting plan system, so that the optimal game population is reached. The hunting plan should take into consideration breeding and biological principles, as well as game population regulation (Milner et al. 2006) . In some cases, an incorrect hunting procedure can result in disturbance of population age and gender structure, and end up in an increase in game population.
It is practically impossible to determine an accurate density of free living game (Janota, 2007) . The actual game density is defi ned by a more or less suitable counting method. As density estimations are one of the key data in Hunting Management it is necessary to improve credibility of this data by using a combination of various methods and by ensuring that they are followed (Žižka, 2007) . In Czech Republic the most common method is a direct counting method based on real-time game monitoring. By using this method, it is possible to fi nd out not only the exact number of game, but also other information about the monitored game, such as gender, age, health conditions, etc. However, the disadvantage of this method is a frequent abundance under evaluation (Ratcliff e, 1987; Langbein, 1996) . In the direct method the game is counted directly, e.g. in open areas with telescopes, at night with spotlights, from vehicles, using thermo-vision, automatic cameras, etc. Another way of counting game is an indirect method where the observed game is not counted but the game's signs of living are counted, e.g. footprints, droppings, impact on vegetation or sound noise. This method is suitable only for getting so called relative abundance, which can be transferred into absolute abundance (number of individuals), but it is not possible to determine gender and age. The actual population size can be underestimated or overestimated using this method, but abundance data is o en more accurate than data from direct method (Plhal et al., 2007) . There is a special method based on analysis hunting statistics, e.g. the reverse calculation method. This method can not estimate the game abundance but can estimate population size. This method is suitable especially for large areas and for long-term periods (10-20 successive hunting seasons) (Seddon et al., 2003) . This method uses either counted population numbers or game hunt results (Nichols et al., 2001; Matsuda et al., 2002) and despite many disadvantages it o en brings the most accurate density estimation. This reverse calculation method has several modifi cations which diff er in mathematical and statistical data processing (Dvořák, 2006) .
The aim of this study was to evaluate the quality of management policy for selected species of clovenhoofed game in the Czech Republic, and also to evaluate the obtainable data's credibility. As source data the counted population size and hunting bag in certain regions were used, all collected by the State Hunting Authority.
MATERIAL AND METHODS
This study focuses on the game population and hunting bag within the hunting region (HR). There are 205 HRs in the CR with an average area of 385 km 2 and each of them represents 28 hunting grounds on average. There is a low proportion of woods (number of studied game species) in 47 HRs and therefore the data was not required from these HRs. The utilizable data was collected from about half of the addressed HRs during the years of 2002 -2006 (55 HRs in 2002 , 27 in 2006 Tab. I) . For red deer, fallow deer, roe deer and moufl on the standardized population, monitored population and hunting bag were provided for several individual years. The data was processed for each monitored species separately, even if not all of the monitored species were present in all HRs. Therefore there is a diff erent number of HRs for individual species.
All the analysed species had a wide range of average population sizes within all the HRs (Tab. I). For example, the average monitored population size of moufl on was in the range of 6-2339 in 95 HRs and the hunting bag was in the range of 2-1076. An exception in the evaluation of the moufl on population was HR Vsetín where the average CPS in the monitored period was 2339 and the annual harvest was 1076 individuals. In this HR there must have been a sharp increase in population during the years 2002 and 2003.
Analysed population size
The population size of individual game species in the HR was estimated by the reverse calculation method. The presumption was that the average number of hunted individuals was equal to newborns. This hypothesis is, however, true only in ideal conditions when the population abundance doesn't change each year and the number of game new-borns equals the number of hunted animals every year. A possible deviation in such a calculation was considered unimportant as in the provided fi le this population was a stable population. Assuming the above mentioned basic condition was fulfi lled, the reverse calculation method proved to be a very eff ective method for getting very accurate abundance numbers. The abundance of population was estimated using an expected reproduction rate (RR) and on the expected age and gender ratio of the population. Out of all hunted individuals the number of adult females needed to get the annual population increase was calculated using the formula: number of females = newborns/RR. The total population size at the end of the hunting season was derived from the ratio between males, females and fawns (most o en 40% of females, 40% of males and 20% of fawns). APS gained by this method was compared to SPS and CPS.
Data analysis
The ratio of APS/CPS was calculated for all game species in individual HRs where long-term data was available. This ratio will show whether CPS calculated by hunting ground users were overestimated or underestimated in comparison with APS. The result <1.00 means that the counted game population is higher than the estimated population. If the result is >1.00 the CPS was lower than the APS.
In the following steps, the ratios between CPS and SPS were counted. The fi rst assessment was, how many HRs were not planning to have certain species at all (SPS is zero) but the given species were regularly counted there. Then, the ratio CPS/SPS was counted. Hunting ground users are obliged to follow the management policy, so that the actual number of game found by counting is not higher than the SPS, and the ratio of CPS/SPS has to be ≤1. If CPS/SPS >1, a higher abundance than SPS was counted and that breaches the legislation. However, this ratio method is applicable only for individual hunting grounds. Within the whole HR, the summarised data can be misleading as some hunting grounds don't have certain species but they are still considered as counted and hunted (that is not against current legislation.) However, this factor is relatively small and in the total evaluation of all results is insignifi cant.
As a main indicator of development of hunted and counted population a ratio of hunting bag/ CPS*100 was used for each individual year. This ratio shows the proportion of the annual hunting bag from counted population. The indicator uses the assumption that if this ratio changes the game abundance will also change. A coeffi cient of correlation R and coeffi cient determination R 2 were calculated for individual HR. R > 0 means, that hunting intensity (ratio of hunting bag from counted population) was increasing annually. On the contrary, R < 0 means, that the intensity of hunting was decreasing. Only R values where R 2 > 0.40 were considered important. Other cases varied either too much or too little. The values of R and R 2 also show whether the intensity of hunting was determined only from CPS or whether it was also infl uenced by other factors like extra hunting in hunting grounds without SPS). If R > 0 and at the same time R 2 > 0.40, the hunting bag fully corresponds with CPS, i.e. when CPS increases (decreases), also the hunting bag increases (decreases). If R < 0 and at the same time R 2 > 0.40, there is indirect correlation between CPS and the hunting bag, e.g. when CPS increases (decreases), the hunting bag decreases (increases). In the other cases, it was not possible to conclude due to the variability of R.
RESULTS

Game population data credibility
Generally, the assumption that there were many inaccuracies in game numbers estimation and planning of hunting bag for all the monitored game species was confi rmed. Clearly, the least credible data is for red deer. In 85% of HRs, the CPS was lower than the APS (Fig. 1 ) and in several cases the diff erence was more than 4-times higher (Karlovy Vary, Chomutov etc.). For example, in the region of HR Chomutov, the average reported CPS was 1119 1: The variability of APS and CPS for red, roe and fallow deer and mouflon in the Czech Republic red deer, but the actual abundance (APS) was 4767 (annual hunting bag 1490 on average). For roe deer the CPS was the same or higher in 63% of all cases (Fig. 1) . Unlike the red deer the APS was not much higher than CPS (ratio APS/CPS = 0.53 − 1.44). This indicates that the roe deer are counted more precisely than the other ungulate game species.
For fallow deer the CPS was the same or higher in 42% of the cases and for moufl on in 52% of the cases (Fig. 1) . A very interesting case was in HR Nový Jičín, where CPS went down from 54 to 30 moufl on in 2003-2006, even though the average annual hunting bag was only 2 individuals.
Dependency of a hunting bag on CPS during a monitored period
As the hunting bag changed during the observed period for all monitored species a ratio between the hunting bag and CPS was assessed. For red deer dependency of hunting bag on CPS was found only in 34% of HRs, for roe deer and fallow deer in 48% of HRs and for moufl on in 43% of HRs.
The relation between CPS and SPS also shows big inaccuracies in management policy. For red deer SPS is not stated in 25% of HRs and still this species is counted and hunted regularly. HR Česká Lípa is a good example of this where 81 red deer are counted and 48 are hunted, however, no red deer are planned to be hunt.
As proof of an unsuitable approach to red deer planning, only 15% of HRs show the correct CPS and SPS ratio (Fig. 2) . In the remaining 60% of HRs, the CPS is higher than SPS. Four percent of HRs even show CPS more than 6-times higher than SPS. For example, in the region of HR Mnichovo Hradiště, CPS is 9.8-times higher than SPS.
For roe deer, none of the assessed HRs show zero SPS, i.e. roe deer is standardized in all HRs. However, only 19% of HRs show CPS lower than the standardized population size (Fig. 2) . The remaining 81% of HRs have CPS higher than SPS. In contrast to previous species, the SPS numbers are much smaller. The highest CPS and SPS ratio was in HR Chomutov, here the CPS was 1.63-times higher than SPS. Taking into consideration all of the ratios, CPS was 810 higher than SPS in the region of HR Česká Lípa.
For fallow deer SPS is not stated in two HRs (2%). CPS is lower than SPS in 11% of HRs (Fig. 2) . In the remaining HRs (87%), the counted population is higher than the standardized population. Several extreme inaccuracies in SPS and CPS were found in HR Ostrov, CPS (91) was lower by 327 than SPS (418). On the contrary, in the region of HR Domažlice, CPS (721) was higher by 412 than SPS (309).
For moufl on 13% of assessed HRs did not provide SPS. Only 14% of HRs show CPS lower than SPS (Fig. 2) . 73% of HRs show CPS higher than SPS. Assessment of moufl on is very similar to the assessment of fallow deer. CPS and SPS ratios were very unequal. CPS were extremely low in comparison with SPS in HR Moravský Krumlov; CPS (223) was lower by 177 than SPS (400). On the contrary, CPS (366) was higher by 292 than SPS (74) in HR Karlovy Vary. A similar, but slightly diff erent situation is in HR Stříbro; SPS for moufl on was not stated, however, CPS reaches 194 on average. The variability of SPS and CPS for red deer is very wide (Fig. 3) . The illustrated line shows the maximum allowed ratio of SPS:CPS (1). All the points above this line represent more than 80% of all individual HRs where CPS is higher than SPS (SPS≠0). Thus, the standardizing system for red deer is completely unsuitable.
For roe deer the SPS and CPS ratio is completely diff erent (Fig. 4) . Although the maximum ratio of SPS:CPS is above the line in 84 % of all HRs, the excess of this ratio is not extreme at all (max. 1.63 times SPS). In the graph it is clearly visible that SPS and CPS value variability is low, and all the results oscillate around the ratio curve. The roe deer abundance derived from the counting method corresponds much more with SPS. However, this correspondence does not necessarily mean that hunters count this species more precisely; it could also mean that SPS are stated more accurately.
The development of the game abundance
The a lot as far as number of hunted and counted animals. Red deer hunting bag increased only in 5%, decreased in 34% and did not change at all in 61% of HRs (Fig. 5) . A similar situation exists with roe deer; hunting bag increased only in 2% and did not change in 57% of HRs (Fig. 5) . As for fallow deer, a greater part of CPS was hunted in 25% of HRs every year. A small percentage of CPS was hunted in 26% of HRs and in 49% of HRs it was not possible to determine neither an increase nor a decrease in hunting bag (Fig. 5) . Moufl on was hunted mostly in 24% of HRs during the years 2002-2006 and least in 21% of HRs. In 55% of HRs it is not possible to tell whether the hunting bag trend was decreasing or increasing.
Regarding percentage values, moufl on cases are very similar to fallow deer cases (Fig. 5) .
DISCUSSION
The management policy of monitored big mammal species is based on annual fi ndings of the actual game abundance and also on accurate calculations of individuals that are to be hunted. This system should keep an optimal game abundance that correspond with habitat capacity and maintain healthy biological reproduction of the species. In theory, this system is error-free, however, in reality there are many errors -especially in exceeding the optimal game abundance. It is very diffi cult to defi ne SPS, i.e. bearable optimum corresponding to the habitat quality. In reality it is just not possible to address all the natural conditions which can infl uence habitat capacity. Another important problem is the hunters' inability to fi nd out the exact game abundance, where in most cases the abundance is undervalued and consequently the newborn population number is increased. This analysis of hunting management policy for the four mentioned species confi rmed that its data is not very reputable. One of the main problems contributing to discrepancies between CPS, SPS and the hunting bag is the fact that the source data is summarised for several hunting grounds within one HR. It is highly probable that less spread game species, e.g. red deer, moufl on and fallow deer do not have any SPS in all hunting grounds and therefore these species are not included in their hunting plans. Nevertheless, hunting grounds without specifi ed SPS can legally hunt, in the hunting season, unlimited number of younglings, females or males up to the age of two. These hunted animals are, however, recorded by the hunting grounds user and thus misinterpreting HR summarised data.
The biggest diff erences between planning and the actual state were found in red deer data. This species proved to be very problematic. APS, based on a number of hunted individuals, was two or more times higher than CPS in 42% of HRs. That means that counting done by hunters is highly inaccurate. This discovery was also confi rmed by other gamekeepers, e.g. as Ferkl (2007) points out, CPS is the biggest mystery in hunt planning. One of the reasons for this is red deer migration -the habitat at the time of counting does not correspond with the deer distribution at the time of vegetation, i.e. at the beginning of the red deer hunting season (Jarnemo, 2008) . This migration is the greatest factor that distorts, or perhaps, makes it impossible to determine accurate game abundance in the mountains (Ferkl, 2007) . It is also the main problem when studying distribution and space activity of red deer (Bruckner, 1993 , Milner-Gulland et al., 2000 , Pettorelli et al., 2005 . Currently, the biggest problem with red deer in the CR is namely in West and NorthWest Bohemia. For example, in the HR Chomutov, reverse calculation determined 4-times higher APS of red deer than was specifi ed by CPS.
The hunting problems in territories without SPS
In some HRs SPS is specifi ed as zero despite the fact that red deer are regularly counted and hunted in these territories. Although this is legal, the current standardizing method for red deer population seems to be illogical and absolutely unsuitable. In our opinion, this method is making the problem worse especially in West and North-West Bohemia.
Roe deer
The same analyses were also carried out for roe deer. The determined APS for roe deer corresponds much more with the specifi ed CPS. In all HRs, the APS was max 1.44-times higher than CPS. The outcome is that roe deer were counted more precisely and the hunting data correspond with the counted numbers. By comparing SPS and CPS it could be concluded that roe deer is standardised better than red deer. In 84% of HRs, SPS was higher than CPS, which corresponds with hunting plan regulations. The regulations suggest that SPS is a maximum possible abundance, therefore CPS should be lower. It means that the current hunting plan is much more suitable for roe deer than for red deer. Standardization is applied together with counting and hunting. Roe deer do not migrate much throughout the year; the management policy of smaller hunting grounds is more suitable for roe deer species. And also distribution of roe deer within the CR is more regular than distribution of red deer.
Fallow deer and moufl on
Fallow deer and moufl on had very irregular distribution in the CR, and their occurrence was more or less patchy. Management policy evaluation for these two species was very similar. Using the reverse calculation method, APS was lower than CPS for fallow deer and moufl on in 42% and in 52% of all cases respectively. Unlike for roe deer, there were extreme cases for these two species where APS was three or fi ve-times higher than CPS. SPS and CPS did not correlate either and the range of their values was very wide. Also in this case, some HRs can be considered as extreme as the counted population size of fallow deer and moufl on in some areas is much higher than the standardized population size.
SUMMARY
This article analyses data on the reported and captured populations of red deer (Cervus elaphus), roe deer (Capreolus capreolus), fallow deer (Dama dama) and moufl on (Ovis musimon) in the Czech Republic during the years [2002] [2003] [2004] [2005] [2006] . The aim of this study was to evaluate the quality of management policy for analyzed species in the Czech Republic, and also to evaluate the obtainable data's credibility. As source data the counted population size and hunting bag in certain regions were used, all collected by the State Hunting Authority. The analyzed game population size (APS) for each individual hunting region, using the reverse calculation method, was compared to the counted population size (CPS) of each species. Next, the ratios between the specifi ed population size (SPS) and the CPS were compared; and also the ratios of CPS and actual hunting bag were compared for individual years in the specifi ed periods. The abundance of population was estimated using an expected reproduction rate (RR) and on the expected age and gender ratio of the population. Out of all hunted individuals the number of adult females needed to get the annual population increase was calculated using the formula: number of females = newborns/RR. The total population size at the end of the hunting season was derived from the ratio between males, females and fawns (most o en 40% of females, 40% of males and 20% of fawns). As a main indicator of development of hunted and counted population a ratio of hunting bag/CPS was used for each individual year. This ratio shows the proportion of the annual hunting bag from counted population. The indicator uses the assumption that if this ratio changes the game abundance will also change. A coeffi cient of correlation R and coeffi cient determination R 2 were calculated for individual hunting region. The hunting bag generally did not changed during analyzed period. Many errors in hunting management policy were found in all analyses regarding red deer. In many cases the APS, using the reverse calculation method, was several-times higher than the CPS. Also a large diff erence between SPS and CPS was very common. Similar results were also found in the analyses of fallow deer and moufl on populations, where the management policy was very similar to that of red deer. Evaluation of the roe deer management policy showed better results. Despite the fact that the APS was higher than the CPS, it was never several-times higher. Even in SPS and CPS ratios no extreme outcomes were found. From the offi cial processed data it is evident that hunting association plans for game breeding and hunting indicate many signifi cant problems, where the smallest problem is with roe deer and the biggest problem is with red deer.
